Relatedness and genetic structure in a socially polymorphic mixed population of the spider Anelosimus studiosus by Duncan, Sarah Isabelle
University of Tennessee, Knoxville 
TRACE: Tennessee Research and Creative 
Exchange 
Masters Theses Graduate School 
5-2009 
Relatedness and genetic structure in a socially polymorphic 
mixed population of the spider Anelosimus studiosus 
Sarah Isabelle Duncan 
University of Tennessee 
Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes 
Recommended Citation 
Duncan, Sarah Isabelle, "Relatedness and genetic structure in a socially polymorphic mixed population of 
the spider Anelosimus studiosus. " Master's Thesis, University of Tennessee, 2009. 
https://trace.tennessee.edu/utk_gradthes/5698 
This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and 
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE: 
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu. 
To the Graduate Council: 
I am submitting herewith a thesis written by Sarah Isabelle Duncan entitled "Relatedness and 
genetic structure in a socially polymorphic mixed population of the spider Anelosimus 
studiosus." I have examined the final electronic copy of this thesis for form and content and 
recommend that it be accepted in partial fulfillment of the requirements for the degree of 
Master of Science, with a major in Ecology and Evolutionary Biology. 
Susan E. Riechart, Major Professor 
We have read this thesis and recommend its acceptance: 
Accepted for the Council: 
Carolyn R. Hodges 
Vice Provost and Dean of the Graduate School 
(Original signatures are on file with official student records.) 
To the Graduate Council:  
 
I am submitting herewith a thesis written by Sarah Isabelle Duncan entitled “Relatedness and 
Genetic Structure in a socially polymorphic mixed population of the spider Anelosimus 
studiosus.” I have examined the final electronic copy of this thesis for form and content and 
recommend that it be accepted in partial fulfillment of the requirements for the degree of Master 
of Science with a major in Ecology and Evolutionary Biology. 
 
 
 Susan E. Riechart , Major Professor 
 
 
We have read this thesis 
and recommend its acceptance: 
 











 Accepted for the Council: 
 
 
 Carolyn R. Hodges 













(Original signatures are on file with official student records.) 
Relatedness and Genetic Structure in a socially polymorphic mixed 











Presented for the  
Masters of Science  
Degree  









Sarah Isabelle Duncan   
   May 2009 
 
 ii  
Abstract 
Sociality is influenced by many internal mechanisms and external influences, it is often 
difficult to generalize across taxa as to how it has evolved and is maintained. A central 
consideration in this study is the social structure of the spider, Anelosimus studiosus, and the 
degree to which individuals that live in social groups are related. This comb-footed theridiid 
species exhibits phenotypic variation in social behavior, the extremes of which have been 
identified as 'asocial' and 'social' with the asocial phenotype associated with solitary nests and the 
social with multi-female/communal nests. Five microsatellite loci were used to analyze 
individuals from both communal and solitary nests within a population of A. studiosus.  We 
found no evidence of genetic differentiation between social and solitary samples, implying high 
rates of interbreeding between phenotypes.  This is con istent with the proposition that social and 
asocial phenotypes coexist as a behavioral polymorphism in A. studiosus populations.  Pairwise 
relatedness coefficients were used to test the prediction made by kin selection that cooperating 
individuals are more closely related than expected by chance.  We found significantly higher 
relatedness values for the communal pairs of adult females vs. the solitary pairs of adult females.  
Pairwise relatedness of females sharing communal webs averaged 0.26, or about the level 
expected for half-siblings.  A simple randomization test showed that these social pairs were more 
closely related than random pairs from the local population.  Solitary females not sharing webs 
but collected at similar spatial distances were also more closely related than expected by chance ( 
r = 0.18), but significantly less related, on averag , than social pairs.  These results imply that 
low dispersal rates contribute to an increased likelihood of interaction between kin, but 
relatedness between social pairs is not entirely explained by spatial structure.   
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The fitness of an animal, in part, depends on its ability to procure resources, defend itself, 
and reproduce.  Generally, for communal living to be a viable strategy (e.g. an evolutionarily 
stable strategy or an EES), the social group should meet the above requirements for an individual 
on average more successfully than the individual cou d achieve on its own (Whitehouse and 
Lubin 2005). This criterion is relaxed, if cooperating individuals are more related to one another 
than individuals in the population at large and if the inclusive fitness of genotypes of cooperating 
individuals is higher than alternative genotypes in the population. (Hamilton 1964; Baglione et 
al. 2003; Ebensperger et al. 2004)    
Cooperation within communal living is a major focus for evolutionary biology and the 
question as to why organisms cooperate is typically dealt with in terms of the benefit to cost ratio 
for individuals living within a group (Buston et al. 2007). Individual costs and benefits are 
conceptualized as direct effects on the probability of survival and reproduction of individuals. 
Obviously, when benefits of cooperation outweigh costs, natural selection should favor 
cooperation. However, the effect of social behavior on changes in allele frequency also depends 
on indirect effects on the survival and reproduction of other individuals. If behaviors that are 
costly to the individual tend to preferentially benefit other individuals with same alleles, then 
there are beneficial inclusive fitness effects of cooperative alleles. (Hamilton 1964)  
  Benefits for cooperative spiders include increased protection from predators, enhanced 
foraging capabilities, more individuals to aid in slk production for web maintenance (Bilde et al. 
2007) and shared responsibility of brood care (Jones a d Riechert 2007; Riechert and Jones 
2008).  These benefits can directly enhance the fitn ss of the individual and, if cooperative 
individuals are related, can produce indirect genetic benefits as well (Hamilton 1964). Therefore, 
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identifying the genetic structure of a group is important for assessing the potential for inclusive 
fitness effects of benefits of living in a communal group and cooperating. Costs, of group living 
include increased competition within a nest (for both f od and space), higher rates of inbreeding, 
and greater potential for spread of disease and parasites (Reichert and Roeloffs 1993; Crouch and 
Lubin 2001; Bilde et al. 2005).  In order to understand why organisms cooperate, many studies 
within the past decade have focused on the role of kin selection (Aviles et al. 2004; Dugdale et 
al. 2008; Zanette and Field 2008).  The emphasis on relatedness within a group stems from 
Hamilton’s rule (1964), which deals with the concept of indirect fitness benefits arising from 
helping individuals that are genetically related due to common ancestry. Interactions are between 
those individuals who share some gene or genes of interest (West et al. 2007). Natural selection 
is more likely to favor cooperative behavior when an individual is more likely to help relatives 
because relatives are more likely to share alleles contributing to the expression of cooperative 
behavior.   
The retention of grown offspring within a parental group is a requisite step in forming 
social groups that have inclusive fitness benefits (Perrin and Lehmann 2001). Such retention 
requires that there be a strong level of selective force opposing kin competition and the dispersal 
it leads to (Perrin and Lehmann 2001; Lubin and Bile 2007).  Roeloffs and Riechert (1988) 
tested for viscosity vs. vagility as two extremes of a dispersal phenotype in the African social 
spider, Agelena consociata. They presented the results of field dispersal experiments that 
indicate there is no active dispersal in this species, which shows a within colony relatedness 
approximating that of full sibs.  Agelena consociata is, thus, at the viscous end of the dispersal 
continuum.   Perrin and Lehmann (2001) list the selctive forces involved in preventing complete 
dispersal as including the cost of dispersal for the individual, how saturated the natal patch is, the 
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harshness of the environmental constraints acting on the individual, and the benefits from group 
interactions within the population.  The costs in this list must be overcome if there is to be a net 
fitness gain to the individual for being a member of a social group.  There are other costs to 
population viscosity and the within group relatedness it generates. For example,  inbreeding 
decreases genetic variation within groups, which in the short term can lead to inbreeding 
depression and lower individual fitness (Johannesen and Lubin 1999) due to loss of 
heterozygosity or inherited deleterious recessive alleles (Aviles and Bukowski 2006). In 
addition, populations that lack genetic variability cannot respond to changing local environments 
and other challenges such as disease epidemics. Thu, kin association should be unusual when 
outbreeding is favored (Bilde et al. 2005).  
Despite the costs associated with inbreeding, sociality among arthropods and spiders, in 
particular, is believed to have evolved under kin selection (Riechert and Roeloffs 1993; Evans 
and Goodisman 2002).  Due to the high population tur over and inbreeding that is associated 
with the occurrence of co-operative behavior in spiders, alleles that increase colony survival or 
proliferation rates can be favored even if there are deleterious fitness effects on the individual. 
(Riechert and Roelofffs1993; Smith and Hagen 1996; Lubin and Bilde 2007) Also, inbreeding 
might be tolerated if the cost of the alternatives is greater, such as high mortality rates during 
dispersal or missed mating opportunities (Bilde et al. 2005; Lubin and Bilde 2007).  Sociality has 
its advantages at least to spiders living in the tropics, approximately 50 species of tropical and 
subtropical spiders representing seven different families exhibit cooperative. The social spiders 
studied to date have a relatedness of 0.5 (Riechert and Roeloffs 1993; Smith and Hagen 1996; 
Evans and Goodisman 2002), which is similar to the proportion of genes full sibs share in 
common.  Subsocial spiders examined to date have a relatedness of 0.25 (Johannesen et al. 1998; 
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Johannesen and Lubin 2001), which is the proportion of genes half-siblings share in common.  
Overall, relatedness in the social spider species is not as high as in eusocial insects, which share 
a relatedness of 0.75 due to haplodipoidy.   
 The Anelosimus studiosus system differs from the other social spider species in that it 
exhibits a social structure polymorphism and is more social at higher latitudes than in lower 
latitudes. We use five microsatellite markers to test he hypothesis that colony members are more 
closely related than are solitary individuals living at similar spatial distances from another than 
expected by chance.   If higher levels of relatedness are not found in social pairs vs. solitary 
pairs, the data is consistent with the hypothesis that despite the costs of living in a group, the 
direct benefits gained by living with other females is ufficiently high to favor cooperation and 
maintain this polymorphic system.   
Anelosimus studiosus: The study organism and system 
 The genus Anelosimus Simon 1891 belongs to the comb-footed spider family, Theridiidae 
that also includes the medically important widow genus, Lactrodectus, and the cosmopolitan, 
Achaearanea. There are 53 described species of Anelosimus (Agnarsson et al. 2006), including 
several social species: most are tropical or subtropical in distribution (Agnarrson et al. 2006).   
Brach (1977) found Anelosimus studiosus, which has a subtropical to temperate distribution in 
North and South America, to exhibit extended maternal care despite being asocial. Jones and 
Parker (2002) explored delayed juvenile dispersal effects on mothers and offspring in A 
studiosus and found maternal care provides enhanced survival of the offspring and thus greater 
fitness to the female parent.  
Furey (1998) first identified multiple female colonies in this species in East Tennessee. 
Previous studies of A. studiosus were limited to south Florida where only solitary-female nests 
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had been found.  Since Furey's (1998) initial study, variation in its social structure has been 
observed at higher latitudes and between cold and warm water environments within latitudes 
(Jones et al. 2007; Riechert and Jones 2008). While both asocial and social behavioral 
phenotypes are exhibited at all latitudes ranging from south Florida (26ºlatitude) to Tennessee 
(36º latitude), the social phenotype is rare at lower latitudes (Riechert and Jones 2008).  Jones et 
al (2007) present a model that predicts that multi-female nests is a bet hedge against a mother's 
dying before her brood reaches independence in colder environments where juvenile 
development is delayed.  Further study has produced much evidence in support of the brood 
fostering hypothesis (Riechert and Jones 2008; Jones a d Riechert in press). In this study, the 
genetic relatedness of a population of A. studiosus is examined at the mixed phenotype 36º 
latitude range, where multi-female nests approach a frequency of 15% in a predominantly 
solitary-female nest system.  
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Materials and Methods 
Data Collection: 
 A mixed social and solitary transect was established at Hardin Valley Park in Knoxville, 
TN at 36º latitude.  Two 100 meter transects in close proximity were located along Hickory 
Creek connecting to Melton Hill Lake. Each transect was marked with flagging every five meters 
from 0 to 100m to designate specific meters in which collections were made.  A random numbers 
table was generated in Microsoft Excel to generate r ndom meters in which adult social and 
adult solitary female pairs were collected.  Each multi-female nest selected was measured at its 
widest distance. Two solitary-female nests at this distance were then found at the meter interval 
of the next random location selected. Two adult females were aspirated out of the multi-female 
nest and the respective two females from the pair of solitary nests. All females were deposited in 
individual labeled plastic vials for return to the laboratory.   This process was repeated until 50 
sets of multi-female and solitary-female nest pairs were collected (200 spiders). The adult female 
samples were placed in 70% ethanol for subsequent pairwise comparisons of genetic relatedness.  
Additional specimens including nine parent/offspring or sibling pairs were used as a control to 
test for marker performance and the average pairwise relatedness calculated was 0.45, which is 
close to the expected values of 0.5 for the parent to offspring or sibling relationship.   
DNA extraction 
 To obtain DNA for PCR, each A. studiosus adult female was ground in a 1.5 mL 
microcentrifuge tube in 180 uL lysis buffer ATL and 20 uL of proteinase K.  The mixture was 
incubated for 3 hours or overnight at 55 oC until the tissue was completely macromated. DNA 




 Microsatellites, or simple sequence repeats, are tandomly repeated motifs of 1-6 bases 
found in all genomes analyzed to date (Zane et al. 2002). Microsatellites are among the most 
variable types of DNA sequence in the genome and are extensively polymorphic (Ellegren 
2004).   These coding and noncoding regions (Zane et al. 2002) are generally assumed to have 
evolved neutrally so the frequency and distribution should reflect the mutation process (Ellegren 
2004).   Allelic information from microsatellite loci has provided evaluation of relatedness 
within and between social groups such as ants  (Parker et al., 1998,Chapuisat and Crozier 2001; 
Goropashnaya et al. 2001), social crab spiders (Evans and Goodisman 2002), rodent species 
(Ebensperger et al. 2004), spiders (McKinnon et al. 2006), and bees (Paxton et al. 1996). 
 We obtained a library and microsatellite primers for A. studiosus from Genetic 
Identifications Services (http://www.genetic-id-services.com ).  The primers were optimized in 
Dr. Ben Fitzpatrick’s molecular genetics laboratory at the University of Tennessee. Five markers 
met the requirements of the study by being polymorphic and repeatable for data analysis. 
 In order to analyze the length of the PCR products in he ABI 3100 laser detection 
system, a fluorescent tag was added using a method for fluorescent labeling of PCR fragments 
developed by Schuelke (2000).  A PCR mix of the forward primer with an added universal tag 
(The sequence UEACT for universal EcoRI ACT: 5' GAC TGC GTA CCC AAT TCA CT 3'), 
the reverse primer, and a labeled universal primer (G5 series dye), PCR reaction Buffer, 10mM 
dNTPs, MgCl, and TAQ were ran under modified cycling conditions described by Schuelke 
(2000).  PCR conditions for each primer are as follows:  C106, D126, B225 (94ºC for 5 min, 30 
cycles of :   94ºC for 30sec, 56ºC for 45sec, 72ºC for 45 sec and 8 cycles of:   94ºC 30 sec, 53ºC 
for 45 sec, and 72ºC for 45 sec and a 72ºC extension for 30 minutes).  Primers D110 and D112 
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followed the above conditions except the annealing temperatures were 57.3ºC.  One microliter of 
PCR product for each marker was added to a .75 uL LIZ standard and formamide mix bringing 
up the total volume to 15 uL and multiplexed on an ABI 3100 Prizm Genetic Analyzer at the 
University of Tennessee in the Molecular Biology Research Facilities lab.   
Data Analysis 
To interpret the fragment analysis from the ABI 3100, microsatellite data peaks were 
scored by Peakscan, a software package available at th Applied Biosystems website 
(http://marketing.appliedbiosystems.com/mk/get/PS1_login).  Each individual was scored for the 
number of base pair variations at the five loci examined. Out of the 200 individuals collected, 
148 individuals had complete allelic data and were us d in this analysis with the goal of 
evaluating the relatedness of these individuals partitioned into 37 pairs each of solitary 
individuals and multi-female nest individuals. To estimate the summary statistics for the 
microsatellite markers used in this study the software package CERVUS (Kalinowski et al. 2007) 
was used.  This program provided summary statistics for the data set including number of 
individuals scored and number of alleles per loci. CERVUS (Kalinowski et al. 2007) also tested 
for significance of departure from Hardy-Weinberg Equilibrium (HWE): Nei’s (1987) equation 
is used in calculating expected heterozygosity and a chi-square goodness-of-fit test is applied to 
the expected and observed genotypes.  
Genetic relatedness between individuals in this study is mathematically represented as the 
probability that individuals share respectively, zero, one or two alleles of each gene tested that 
are identical by descent (IBD) (Blouin 2003; Kalinowski et al 2006).  There are several 
relatedness estimators that are used to perform statistic l analysis for the IBD probabilities. 
These use either linear regression (Queller and Goodnight 1989; Lynch and Ritland 1999; Wang 
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2002) or maximum-likelihood (Kalinowski et al. 2006) based methods.  We applied the two most 
commonly used regression methods, Queller and Goodnight (1989) and the Lynch and Ritland 
(1999) estimators and the maximum-likelihood based estimator (Kalinowski et al. 2006) to the A. 
studiosus data set. Based on the similar performance of the three estimators and the possibility of 
null alleles present in the data, the program ML-relate was used.  The microsatellite loci used to 
test for potential kinship in multi-female nesting A. studiosus showed high levels of variability as 
evidenced by the number of alleles present and the high expected heterozygosities. Yet the 
observed genetic diversity showed a heterozygote deficit in three of the five loci used in this 
study. Heterozygote deficit could be attributed to the presence of (i) null alleles (ii), nonrandom 
mating (iii), and population subdivision (Wahlund effect). Since the possibility of null alleles 
was high for three of the five markers used, which might explain the heterozygote deficits that 
were seen in the CERVUS summary analysis, the maximum likelihood program ML-RELATE 
allowed us specify the three loci B225, D110, and D112 in question to be analyzed with null 
alleles present.  We chose to use the analysis accounting for null alleles as this specification, 
after more close examination of the allele distributions in these three loci. Relatedness values 
were calculated with ML-RELATE and relationship categories were also assigned with ML-
RELATE in order to examine the distribution of relationship pairs for each data set, Appendix 
(Fig 5).  
To address the question of whether social and solitary phenotypes represent 
demographically separated populations, an AMOVA wasperformed in ARLEQUIN (Exoffier et 
al. 2005).  This program partitions the variance among different hierarchical levels:  among 
social and solitary groups, among nests within social and solitary groups, and individuals within 
nests. If most of the variation occurs between social and solitary groups then we would expect 
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the heterozygote deficits to reflect the presence of population subdivision within the population 
of A. studiosus.     
To test whether pairs of females collected from the same communal nest were more 
closely related than random pairs from the population, we used R (http://www.r-project.org) to 
simulate a null distribution by randomly forming 37pairs and calculating the average pairwise 
relatedness 10,000 times. We then compared the average relatedness of our observed pairs to this 
distribution of 10,000 averages simulated under the null hypothesis of random pairing. The 
fraction of simulation replicates with greater average relatedness than the observed set of pairs 
then represents a one-tailed P-value for the data given the null hypothesis (Good 1994). We 
applied this randomization test to both social and solitary data sets. 
To test whether social pairs tend to be more closely related than pairs of solitary females 
at similar spatial distances (see sampling above), w  performed another randomization test by 
simulating the null hypothesis of no relationship between relatedness and social phenotype, 
while controlling for spatial distance. Here we kept pairs of females together, but randomly re-
labeled them as social or solitary. For each of 10,00  replicates, we calculated the difference 
between the means, the difference between the medians and the test statistic (the maximum rank 
sum) for the Wilcoxon paired-sample test and compared the simulated distributions of these 
statistics to their observed values. Conventional t-tests or Wilcoxon tests were not appropriate 
because the distributions of relatedness were not symmetrical (Zar 1984). 
To test whether inter-individual distance had an affect on the relatedness of pairs of 
individuals we did a simple regression in JMP (v.7.0.0).  We would expect based on dispersal 




Characteristics of the five polymorphic loci used in the analysis of A. studiosus kinship 
patterns are detailed in Table 1. 
 
Table 1. Characteristics of the five polymorphic loi in A. studiosus with the primer sequence 
shown in addition to the most popular allele for the loci in the population (n = 200).  Tm (°C) 





















GCATTTTAGATTCACAGACACC 57.3 D112 261 19 
56 
D110 265 22 57.3 
D126 164 3 
56 
C106 175 8 56 
B225 234 10 
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 The markers offered between three and 22 alleles with an average of 12.4 alleles and a 
mean expected heterozygosity of 0.7195 (Table 2).  Deviations from Hardy-Weinberg were 
evaluated with CERVUS (Table 2) and three of the fiv loci (B225, D110, D112) showed 
significant deviations from HWE with a heterozygote deficit. Locus D126 was not very 






Table 2:  Characteristics of the five polymorphic lo i scored in A. studiosus: Nind = number of 
individuals scored, Nalleles= number of alleles for each loci, Hobs= observed heterozygote 
frequency, Hexp= Expected heterozygote frequency assuming Hardy Weinberg Equilibrium 
(HWE), and P refers to significance of deviation from HWE following Bonferroni Correction 
 
Locus Nind Nalleles






C106 137 8 0.533 0.646 0.045
D126 148 3 0.635 0.452 <.0001
B225 146 10 0.315 0.782 <.0001
D110 114 22 0.395 0.844 <.0001




Inspection of table 3 for respective social and solitary data sets shows that all three estimators 
produced similar patterns. Because three of the five loci in the data set showed significant 
deviations from Hardy-Weinberg equilibrium with a heterozygote deficit, we chose the 
maximum-likelihood estimator for subsequent analyses. The data were analyzed with null alleles 





Table 3:  Spearman’s ρ correlations between the three commonly used relatedness estimators 
applied to: a)  A studiosus social pairs data set and b) solitary pairs data set, QG= Queller and 
Goodnight (1989), (LR) = Lynch and Ritland (1999) and (ML) maximum-likelihood 
(Kalinowski 2006) for the social data set with significant p-values. 
 
 
Estimator Estimator Spearmans ρ social p-value Spearmans ρ solitary p-value
ML QG 0.61 <.0001 0.85 <.0001
ML LR 0.79 <.0001 0.92 <.0001




The program ML-RELATE (Kalinowski et al. 2006) provided the maximum-likelihood 
estimates of relatedness coefficients. The distributions from both social and solitary data sets 
were analyzed against a randomized simulated distribution in R (http://www.r-project.org) (Fig 
1). The social and solitary data sets relatedness mean and median values are significantly 
different from random (Monte Carlo, 10,000 randomizations) (Fig 2).  Thus, this analysis 
indicates that spiders in the same nests are more clos ly related than random pairs of individuals 
in this population.  To test for significant differences between social and solitary pairs we used a 
second randomization test to simulate the distribution of the Wilcoxon signed test statistic under 
the null hypothesis.  The proportion of randomizations with a Wilcoxon rank sum greater than or 
equal to the observed (V = 397.5, p = 0.033). The proportion of randomizations with median 
difference greater than or equal to observed median difference (observed = 0.17) is p = 0.0434 
and for the mean difference (observed = 0.082) p = 0.0613. (Fig 2)  Therefore, the social data set 
is significantly more related than the solitary data set in this population.  To test for any 
differences between the statistics used a chi-square analysis was performed and in this case there 
doesn’t seem to be any real difference between the parametric p and the monte carlo p used in 






Fig 1:  Frequency distributions of relatedness values for the social, solitary, and simulated data 




Fig 2:  Monte Carlo simulation (10,000 randomizations) for the median and mean of social and 
solitary relatedness values.  Solitary is shown with a dashed line and social with a full line. P-





The AMOVA ran by ARLEQUIN (Excoffier 2005) showed the highest percentage of variation 
in relatedness values occurred at the individuals within nests level at 86.79 with the lowest 
percentage of variation occurring between social and solitary groups at 0.33 (Table 4). Thus, 
there is no detectable population genetic differentiation between social and solitary phenotypes 
but there is significant population viscosity in that pairs collected from the same communal nest 
(social) or adjacent solitary nests were more similar than expected by chance (concordant with 
the randomization tests illustrated no detectable population genetic differentiation between social 
and solitary phenotypes but there is significant population viscosity in that pairs collected from 
the same communal nest (social) or adjacent solitary nests were more similar than expected by 
chance (concordant with the randomization tests illu trated in Fig 2). The high within-nest 
variance component reflects the heterozygote deficits already mentioned. The presence of null 
alleles in this data set makes some individuals appe r less similar than they really are.     
 









groups 1 0.33 0.187
Among nests 
within social and 
solitary groups 72 12.88 0.009




In addition, we also tested for a correlation betwen inter-individual distance and relatedness for 
the solitary female pairs (Fig.3). (Due to a collection constraint where accurate social individual 
distances could not be collected, similar data were unavailable for the social female data set) No 
relationship was detected between inter-individual distance and relatedness coefficients (R2 = 

























Figure 3:  The inter-individual distance of A. studiosus solitary adult female pairs collected in the 
field vs. the relatedness coefficients for those pairs.  
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Discussion 
The behavioral polymorphism exhibited in A.studiosus along a latitudinal gradient and 
the mixed phenotype polymorphism found within latitude (Jones and Riechert 2007) along with 
a diploid system make this organism exemplary in examining the forces shaping the evolution 
and maintenance of sociality. High levels of inbreeding are typical among social spiders and the 
social spiders examined previously have a relatedness of approximately 0.5 (Roeloffs and 
Riechert 1988; Riechert and Roeloffs 1993; Aviles 1997), which is on the order of full sibs. The 
information gathered in this study detected significantly higher relatedness values in social pairs 
vs. solitary pairs of adult females.  Randomization est show social pairs were more closely 
related than random pairs of individuals from the local population.  Solitary pairs were also more 
closely related than expected by chance but significantly less related than the social pairs.  The 
question remains as to why some individuals choose t  cooperate and others do not.  The range 
of social behavior exhibited by A. studiosus with a higher frequency of multi-female nests 
present at cold water sites than warm water sites (Jones et al. 2007) could perhaps suggest that 
behaviors are driven also by environmental factors rather exclusively by the indirect benefits of 
relatedness within a communal group. The brood fostering model proposed by Jones et al. (2007) 
explains variation in the level of sociality based on a modified fitness return strategy (Strassman 
and Queller 1989) in which females “hedge their bets”( Soucy 2002) against dying before her 
brood reaches maturity.  It is assumed that all indiv duals are breeders and some reproductive 
success is sacrificed by cooperation due to locally limited resources (Jones et al. 2007).  
Dispersal patterns may also play a dominant role in the genetic structure of social spiders. 
Generally, dispersal and migration are important cotributors to population genetic structure 
because they determine the amount of gene flow among p pulations (Roeloffs and Riechert 
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1988). Anelosimus studiosus females exhibit some viscosity with members of the social 
phenotype dispersing significantly shorter distances (site means between 7 and 10 cm) from the 
natal nest than asocial females (site means between 22 a d 25 cm (Riechert and Jones 2008).  
This significantly shorter dispersal distance for individuals living in communal nest might result 
in mating with kin and affect the relatedness within a nest. For comparison, Powers and Aviles 
(2003) report dispersal distances in the subsocial species, Anelosimus jucundus, as being less 
than five meters from the natal nest.   
Relatedness averages for communal A. studiosus are lower than the relatedness of other 
social species examined to date.   Male vagility and multiple paternity are two factors that might 
explain the values reflected in the relatedness coeffi ients observed in A. studiosus compared to 
that in the tropical social spider species.  Male A. studiosus mature earlier than females and leave 
the natal nest in search of females. The strong femal  biased sex ratios of the tropical social 
spiders reflect the fact that males stay in the natal nest and mate with sibs (reviewed in Riechert 
and Roeloffs 1993). Because, A. studiosus females will accept males as long as eight days after
an initial successful copulation (personal observation), this too may lead to matings with multiple 
males. In addition, the family Theridiidae lacks first male sperm precedence, which occurs in 
species possessing different sperm entrance and exit conduits (Berendonck and Greven 2005).  
Thus the A. studiosus mating system may be similar to that observed in some social hymenoptera 
where a queen may mate more than once and hold sperm for a long period of time. Ross (2001), 
reports that ejaculates from more than one male overlap and interact in the sperm storage 
structure of individual female wasps, bees, and ants thus decreasing the average relatedness of 
the offspring. 
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Female tolerance of conspecifics may also contribute to the lower levels of relatedness 
observed between pairs of the A. studiosus females collected from multi-female nests compared 
to that of cooperating tropical spider species.  It has been shown in Anelosimus eximius, a 
tropical cooperative spider, that social individuals ccept foreign individual conspecifics into 
their nests and group closure or the lack of tolerance toward individuals from other colonies is 
non-existent (Pasquet et al. 1997).  While the lackof discrimination could provide for increased 
group productivity and genetic diversity in social spiders (reviewed in Lubin and Bilde 2007), 
the viscous dispersal patterns of the tropical social species would argue against such genotype 
mixing and there is no population genetic data that indicates that it occurs (Riechert and Roeloffs 
1993).  Thus, the acceptance of conspecifics from freign nests may not be under selection as 
encounter would be very rare in the tropical social species.  As there is less viscosity observed in 
A. studiosus populations than in the tropical social species, the acceptance of neighboring female 
A. studiosus into the multi-female nests could also contribute to the lower levels of relatedness 
within pairs of multi-female nests observed in this study.   
Finally, genotype mixing would also be expected to be higher in the mixed phenotype 
populations of A. studiosus than in most social spiders that lack variation in social structure as 
the solitary females repel maturing females from their nests (Brach 1977; Furey 1998; Jones and 
Parker 2002).   This may facilitate young moving between nests, similar to the socially mixed 
groups of Diea ergandros (Evans 1999) where young move to join or start another multi-female 
colony. (reviewed in Lubin and Bilde 2007) 
 The conclusions reached by this study were based on collections made of females from 
what appeared to be solitary versus multi-female nests. Individuals were not scored as to their 
social behavior phenotype. There are contexts in which asocial females might be present in 
 22 
multi-female nests and when social females may occupy solitary nests. A conservative test in 
which neighboring individuals that have been behaviorally typed as social for the multi-female 
pair category and asocial for the solitary pairs needs to be completed with more markers to 
ensure a clear picture of the differences in this system. Also, examination of the effects of 
geographical distance on genetic distance to determin  at what level kin clusters might be 
observed needs to be competed for analysis on population structure in populations of Anelosimus 
studiosus. We feel this study is an excellent framework for c nnecting the study of behavioral 
and communal ecology with genetics in order to answer questions about why organisms 
cooperate, or in this system why not.  This model system, with a mixed population social 
polymorphism, can give important insight into the factors that maintain cooperative or solitary 
living.    
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Fig 5:  Individual distributions for relationship categories (U = unrelated <.10, PO = 
parent/offspring = >0.5, HS = half-sib ~0.25, FS = full sib ~0.5) in both the social (n=37) and 
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